Optical Modeling: Full wave optical simulations were performed using a commercial finitedifference time-domain solver to calculate reflection spectra for 3-D geometries modeled from the sample morphological characterization. Wavelength dependent optical constants for gold, [1] TiN, [2] TaN, [3] and and non-stoichiometric Ta 3 N 5 [4] were taken from various literature sources.
The refractive index of magnesium oxide was set to a constant value 1.745 based on its average value in the visible region. [5] Further details of the specific simulation geometry and modeling parameters are provided below.
Extended Simulation Description:
The titanium nitride control film was based off of an 85 nm thick smooth TiN on a MgO substrate. For the sample with gold it was based off of gold pillars placed according to a top down TEM image placed in this same TiN film. For both perfectly matching layer boundary conditions were used on the top and bottom faces while the four edges along the matrix used periodic boundary conditions to simulate an infinite surface. A plane wave source was used to inject light with wavelengths between 400 and 800 nm with polarization along the x-axis. Reflection data was obtained using a power monitor placed above the material behind the source. A mesh of 0.4 nm in x and y and 1.2 in z directions were used to resolve the features.
The tantalum nitride control film was built with surface roughness to resemble an AFM image with a refractive index that was tuned between that of TaN and Ta 3 N 5 to match experimental data.
This simulation was done using PML boundary layers on all edges and a large simulation area to avoid introducing grating effects, though the same monitors and source were used. The tantalum nitride with gold was based off vertical pillars of gold in a 20:80 TaN: Ta Where is the intensity spectrum detected when passing the signal through the sample (MgO substrate + film of particular sample) and is the intensity spectrum detected when passing the signal through the MgO substrate alone.
The reflection spectra were measured using the standard FTIR microscope (HYPERION 2000).
Infrared light is generated from a globar source and focused on the sample with a 15× IR objective (NA=0.4). The beam size was determined to be about 100µm×100µm by a knife edge aperture. The reflection light from the sample was refocused on a mercury cadmium telluride (MCT) detector. The frequency resolution was 2 cm -1 and every spectrum was averaged over 100
scans. The reflection spectrum of the sample was normalized to a gold mirror. 
